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Johnny Molloy– Mechanical Engineering

Ambient Temperature Phase Change Launcher
Sponsor: Peter Phelps, NUWC

Summary

Design

Testing

Deployment of payloads stored in water-tight cylindrical
bodies in underwater environmental conditions are of
interest to the marine and naval community. The proposed
work investigates the possibility of using inert carbon
dioxide gas compressed into its liquid state and stored
under pressure to launch payloads by means of expansion
from a cylindrical tube. The design consists of a carbon
dioxide tank connected through ¼” piping diameter up to
the base of a 2” launch tube for ease of scaling up for
larger projectiles. Variations of this setup are built and
tested for optimal velocity and acceleration of the
projectile firing from the launch tube.

Introduction
The Naval Undersea Water Center (NUWC) is a highly utilized
resource for the United States Navy. NUWC is involved in the
development, research, testing and evaluation, engineering, and fleet
support for offensive and defensive systems related to underwater
warfare. This mainly includes various elements of submarines and
autonomous underwater vehicles.
One of the primary functions of a naval submarine is the vertical
deployment of various types of payloads. The submarine is
responsible for the initial launch of the payload so that it can utilize
its own propulsion. The payload must be a few lengths away from
the submarine before the thrusters are engaged. The current method
to launch the payload utilizes combustion which does work, but has
some drawbacks. For one, combustion can be hazardous to the
submarine and the crew, as it is a flammable and explosive process
that calls for extra safety precautions. Additionally, the method
creates toxic chemicals which fill up the payload tube after launch.
This toxic waste cannot be allowed to seep into the ocean, and it is
very harmful to the environment. Consequently, the waste must be
properly collected and disposed of, which costs time and money to
accomplish.
The goal of this project is to provide an alternative way to launch a
payload underwater, using the energy of a phase change from an
atmospheric gas. This new method will not create any hazardous
waste, and will be a safer form of launching than combustion.
Overall, it is intended to be a more environmentally friendly,
innocuous, and economical substitute for the underwater deployment
of a payload.

SolidWorks rendering of underwater launch system and water column/table system (left to
right)

Testing each of the components for strength and leaks was conducted to ensure a
safe and efficient launch. The launcher with a projectile was then tested in air, in
a column of water, and finally at the bottom of a pool. The projectile needed to
launch at least 3 lengths of the projectile away from launch tube at acceleration of
less than 8g. All of the requirements were met in these tests.

Pixel scaling was done with Kinovea using videos of launch trials. 5 trials using
this method are averaged in the above graph for the column launch.
The slightly noisy graph below displays an average acceleration of 5 trials
through the water column using an accelerometer. The remaining graphs display
the corresponding displacement, velocity, and drag force experienced by the
projectile.

Underwater system, servo motor-actuated ball valve, and cross- sectional view of the
projectile (left to right)

Problem Approach

Design Specifications
Category
Physical Description

Physical Description

Design Specification

Conclusion

Quantity

Ability to Launch three times the length of
projectile away from missile tube

L ≥ 3*Lp

Specific Density of Projectile

± 10% ρₕ₂ₒ

Financial Analysis
Material Cost

$966.28

Machining Hours

$600.00

Physical Description

Pressure inside expansion chamber

≤ 800 psi

Physical Description

Acceleration of Payload

≤ 8g

Engineer Hours

$50,960.00

≥ 4 units

Sponsor Hours

$975.00

Faculty Hours

$1,500.00

Total Cost

$55,001.35

Market Identification

Yearly Market Demand

Financial
Requirements

Budget

Life Cycle Targets

Life Span

Manufacturing
Requirements

≤ $1000

Time required to set up test

≥ 20 years
≤ 10 minutes

The design team was presented with $1,000 to cover material costs to produce a prototype
of the ambient temperature phase change launcher. The team successfully developed a
solution that is under budget.

Theoretical Approach & Engineering Analysis
The equations below derive the
4th-order Runge Kutta analysis
done in MATLAB to model the
motion of the projectile. The
force equation was first used to
model the differential equation.
Pressure reaching the launch
tube was varied based on its
displacement. The MATLAB
generated projectile motion
study is shown. This theoretical
model was used to guide and
further analyze the results
acquired for the actual projectile.

After multiple iterations and many tests, the team was able
to create a launching system that deployed a payload
vertically through water. The system uses the energy
created from the phase change of liquid to gaseous CO2 as
the method of launch. By the last iteration of the launcher,
all design specifications were met, material budget was
maintained, and an analysis on the projectile’s motion was
conducted.

Further Work
To continue, Team 1 would like to permanently replace the
manual ball valve with an electronically actuated version
to eliminate operator error and optimize the system. Team
1 would also look to develop an electromechanical system
utilizing higher rated servo motors to provide the launch
tube with pitch for angled launches, and in doing so would
look for a housing unit to secure the entire apparatus,
leaving a compartment for removal/replacement of the
storage tank. Team 1 considered another option to release
CO2; using a burst disc system directly on the CO2 tank,
including two burst discs in series with a pressurized
chamber between them.
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